Introduction
Childhood obesity is a particular concern for several reasons. Excess weight in childhood raises the risk of excess weight in adulthood, and with it the risk of earlier onset of obesity-related chronic disease. Overweight children may carry early signs of chronic disease without being aware of the problem, exacerbating the likely disease outcome. They may also suffer psychosocial problems due to obesity, including low self-esteem and reduced social networking.
Health policy-makers seeking to estimate the burden of childhood obesity, and health-promotion workers designing interventions to reduce prevalence levels, need to be aware of trends and the extent of the problem. Representative surveys of child obesity prevalence are required, and they depend on agreed definitions of child obesity, taking account of children's natural growthespecially the changes in growth rates found in early infancy and puberty. As this chapter notes, there are several approaches to measuring obesity in children, and these give differing estimates of the extent of the problem. However, all the approaches have one thing in common: they have demonstrated a substantial and rapid increase in the numbers of children affected, in most regions of the world, within the past two or three decades.
Defining child overweight and obesity
An ideal measure of obesity should be accurate in its estimate of body fat; easy to obtain in terms of time, cost, and acceptance by the child; and well-documented, with published reference values [ 1 ] . Unfortunately, no existing measure satisfies all these criteria. Measurement of fatness (adiposity) in children and adolescents is usually approximate, obtained by indirect measurement, based on a range of methods, and undertaken in a range of settings. The results are then presented using one of several different criteria to define obesity, which are based on various reference charts and tables.
The direct measurement of body composition requires techniques such as underwater weighing, magnetic resonance imaging, computerized axial tomography scans, and dual energy X-ray absorptiometry. These are impractical for everyday purposes, such as checking children in a family medical clinic or in a school survey. Less accurate but easier to obtain are waist, hip, and other girth measurements, skin-fold thickness, and total body weight. Body weight can be adjusted for height to provide an indirect indicator of adiposity, the well-known body mass index (BMI). Although it has its shortcomings, BMI is by far the most commonly used method for assessing adiposity in children, and in this chapter on obesity prevalence the figures are based on BMI.
For young children, especially those under 5 years of age, it has been common practice to use 'weight-for-height' rather than BMI to indicate nutritional status [2] . This stems from many decades of concern with infant malnutrition and retarded growth, expressed as thinness and stunting. 'Weight-for-age', 'height-for-age', and 'weight-for-height' are used to assess growth and are compared with published growth curves taken from a reference population.
In recent years, BMI has been increasingly accepted as a valid indirect measure of adiposity in school-age children and adolescents for survey purposes [ 2 , 3 ] , leading to various approaches to selecting appropriate BMI cut-off values to take account of the fluctuations in BMI during normal growth. BMI-for-age reference charts have been developed by several organizations, such as the US National Centre for Health Statistics [ 4 ] and national authorities in the UK [ 5 ] and France [ 6 ] .
In adults, obesity is generally defined as a BMI greater than 30 kg/m 2 , and overweight as a BMI between 25 and 30 kg/m 2 . Defining a single standard for children is more difficult: healthy children show significant fluctuations in the relationship between weight and height as they grow through infancy and childhood. Charts showing weight, height, and BMI for children by age and gender are available, and these can be used to indicate which values are excessive and should be considered as indicating obesity. However, there is no agreement on either the charts suitable for use or the criteria for defining the thresholds for overweight and obesity. The choice of 'normal', 'ideal', or reference population may vary substantially between countries, and many countries have their own growth-charts based on surveys of the child population in previous years. The cut-off threshold values differ by country and by historical usage. Some examples are 110 % or 120 % of ideal weight for height, a weight-for-height greater than 1 or 2 standard deviations (SDs) above a reference mean, or a BMI-for-age at the 85th, 90th, 95th, or 97th percentiles of a reference population.
Confusion over the use of different reference curves led to the establishment of an expert panel, convened by the International Obesity TaskForce (IOTF), which proposed a set of BMI cut-offs based on pooled data collected from surveys of children in Brazil, Britain, Hong Kong, Singapore, the Netherlands, and the USA. The panel agreed that overweight and obesity would be defined in children according to the BMI centile curves that passed through the adult cut-off points of BMI 25 and 30 at age 18. The resulting set of age-and gender-specific BMI cut-off points for children was published in 2000 [ 7 ] and has been widely used by researchers and governments in subsequent years, building a substantial set of data based on a common set of cut-offs. These 'IOTF' or 'international' cut-offs (or sometimes 'Cole' cut-offs after the principal author) are reproduced in Table 1 .1 .
For older children and adolescents, the World Health Organization (WHO) previously recommended using a set of cut-offs based on a reference population derived from the USA [ 2 ] . However, these cut-offs were criticized, primarily on the grounds that the population had included large numbers of formula-fed infants with growth patterns that differed from breast-fed infants, and this was likely to underestimate the true extent of overweight and obesity in younger children. The WHO has now published a new 'gold standard' set of growth-charts and tables, obtained from healthy breast-fed babies and infants up to 5 years of age surveyed in their Multicentre Growth Reference Study [ 8 ] , and has extended the charts as a set of reference curves from ages 5 to 19. For the younger children, the WHO suggests that cut-offs for 'at risk of overweight', 'overweight', and 'obesity' are defined as + 1SD, + 2SD, and + 3SD of the standard population, respectively, and the relevant charts and tables are available online [ 47 ] . For children over the age of 5 years the WHO recommends cut-offs for 'overweight' and 'obesity' at + 1SD and + 2SD of the reference data, respectively, and these are also available online [ 48 ] .
As a result of these different approaches, care should be taken when using published prevalence figures for overweight and obesity. The prevalence levels based on one set of cut-offs or reference Source: Cole et al. (7) curves should not be compared with those based on another. Furthermore, the use of the descriptive terms may differ. Some reports give the prevalence value for all 'overweight' children including those that are obese, but others give the prevalence for overweight children excluding those that are obese. Readers should also note that prevalence levels using reference curves from the United States sometimes refer to 'at risk of overweight' and 'overweight' for the top two categories of adiposity, and sometimes to 'overweight' and 'obese'. In this chapter, prevalence levels will be based on the IOTF international classification scheme, as most survey evidence is available using this approach and the results tend to be more conservative than some other approaches [ 3 ] . When reporting new surveys, researchers should consider the comparability of their results with previous surveys and the likely format in the future. If researchers expect their results to be compared with those from other countries, they should report their results using the IOTF and the new WHO cut-off criteria for categorizing overweight and obesity in childhood.
When citing prevalence figures of overweight and obesity, care also needs to be taken to assess the method by which the data were collected. If a trained, experienced person is measuring children, then the data will be as good as can be expected in the circumstances. However, if the child or parent does the measuring, or if they are simply asked to say what weight and height they believe they are, then the results will probably be inaccurate. Self-reported estimates of height and weight are notoriously unreliable, with girls particularly likely to underestimate their true weight. The degree of under-reporting is itself associated with actual BMI [ 9 -11 ] , so that a significant number of children who should be classified as overweight (using BMI from measured heights and weights) slip below the threshold and are classified as normal weight based on their selfreported heights and weights. In one study [ 11 ] , obesity prevalence more than doubled when using measured instead of self-reported heights and weights among children aged ~12 years. (In this chapter, only BMI data derived from directly measured heights and weights are reported unless otherwise stated.)
Definitions of overweight and obesity are valuable aids when comparing population groups and monitoring a population over time in order to inform policies and community interventions. However, these definitions should not be depended upon for the clinical assessment of an individual child. Instead, BMI should be plotted over time on nationally recommended growth charts in order to monitor the child's development, and this should be coupled with an examination of the child to assess linear growth, endocrine status and lean body mass.
Prevalence levels in childhood and adolescence
The figures presented here are based on the latest and most reliable results available, some of which were published previously in Lobstein et al. [ 3 ] and Wang and Lobstein [ 12 ] . Unless otherwise stated, the IOTF definitions of overweight and obesity in childhood are used.
Worldwide prevalence levels
Estimates for the global prevalence of overweight and obesity among children were made in 2004, when it was concluded that ~10 % of school-age children (age range: 5-17 years) were overweight, of which about a quarter (2-3 % of school-age children) were obese. In actual numbers, the estimate suggested some 150-160 million school-age children worldwide were overweight, of which some 35-40 million were obese. These global figures cover a wide range of prevalence levels in different regions and countries, with the prevalence of overweight among school-age children in Africa and Asia averaging well below 5 % and in the Americas and Europe > 20 % . Projections to the year 2010 are shown in Table 1 .2.
Asia and the Pacific
Based on surveys in the 1980s and 1990s, the prevalence of obesity among pre-school children (defined using WHO growth charts at the time) was ~1 % or less in many countries in the region, such as Bangladesh (1.1 % ), the Philippines (0.8 % ), Vietnam (0.7 % ), and Nepal (0.3 % ). However, the region has started to experience a remarkable change in child obesity with the prevalence of overweight rapidly rising in recent years, at least in some areas: e.g. in Ho Chi Minh City, Vietnam, in 2005 some 37 % of young children were found to be overweight [ 13 ] , although the figure is lower (~13 % ) among older schoolchildren [ 14 ] .
It should also be noted that few data are available for child obesity prevalence levels in some countries in the region, such as the Pacific islands, where obesity prevalence rates among adults are known to be high. One study of adolescents in Tonga identified nearly 20 % of girls to be obese [ 15 ] .
In the more economically developed countries in the region, the prevalence figures for pre-school and school-age children are similar to those in Europe and North America. Among Australian children and adolescents in the age range of 7-15 years, the prevalence of overweight (including obesity) doubled from 11 % to 21 % between 1985 and 1995, and reached 25 % in 2007 [ 16 , 17 ] . A survey of nearly 5000 Australian pre-school children in 2004 found 21 % to be overweight or obese, with higher levels among children in non-English speaking families, indigenous families, and families in the lowest socioeconomic groups [ 18 ] .
China, whose inhabitants account for one-fifth of the global population, has seen significant increases in the prevalence of overweight and obesity in children and adults. A survey in 2002 showed the prevalence of overweight, including obesity, in younger schoolchildren (age range: 7-12 years) to be 6.5 % , but this represented an average of urban and rural populations: in small villages the prevalence was <3 % while in large cities it was 15 % among girls and 24 % among boys [ 19 ] . Nearly half the population of China now lives in cities, up from just a quarter of the population in 1990.
Sub-Saharan Africa
There are only a small number of surveys examining the prevalence of overweight and obesity among children in sub-Saharan Africa. With poverty and underdevelopment exacerbating the threat of infectious diseases, including human immunodeficiency virus-acquired immune deficiency syndrome (HIV-AIDS), most public health nutrition programmes have focused on undernutrition and food security. From the information available, the prevalence of childhood obesity remains very low in this region, although it appears to be rising in several countries. In South Africa, where obesity has become prevalent in adults, a national survey conducted in 2003 found that the prevalence of overweight (including obesity) among young people in the age range of 15-19 years was over 19 % , with boys less commonly overweight (14 % ) than girls (25 % ) [ 20 ] . Among younger children in the age range of 6-13 years, overweight and obesity was found in 16 % of children and was highest among ethnically white females (21 % ) and lowest among ethnically black males (10 % ).
A Nigerian survey published in 2007 estimated some 17 % of pre-school children to be overweight, of which 5 % were obese [ 21 ] ; a decade earlier the figure had been below 4 % for overweight and obesity combined, using weight-for-height criteria [ 22 ] . Obesity among adolescents in Nigeria was relatively low but with markedly differing levels in urban areas (3.3 % ) compared with rural areas (0.2 % ) [ 23 ] .
African-origin populations migrating to developed economies may experience far higher levels of obesity: a study of non-white children in the age range of 3-12 years in families who had emigrated from sub-Saharan Africa to Australia found overweight and obesity prevalence of 27 % [ 24 ] . Obesity prevalence levels were highest among lower-income families and also tended to be higher among families that had lived in Australia for > 5 years.
North Africa, the Eastern Mediterranean, and the Middle East
High levels of overweight have been found in several surveys in the Middle Eastern region. Nearly 18 % of children in the age group of 1-18 years in Saudi Arabia were estimated to be overweight in a survey carried out in 1994-98 [ 25 ] . In Central Saudi Arabia, overweight (using a percentage body-fat measure) among boys in the age range of 6-14 years rose from 3 % in 1988 to 25 % in 2005 [ 26 ] .
One of the highest prevalence levels of child overweight and obesity in the region is found in Bahrain. A survey in 2002 found 30 % of boys and 42 % of girls in the age range of 12-17 were overweight, including over 15 % obesity in both sexes [ 27 ] .
Figures tend to be lower along the coastal countries of North Africa. Data collated by the International Association for the Study of Obesity (IASO) (see www.iaso.org ) show that, in Algeria, boys in the age range of 6-10 years had overweight and obesity prevalence rates of 7 % in 2001 rising to 10 % in 2006. In Egypt, the prevalence of overweight (based on SD > 1) was over 25 % in pre-school children, and in children in the age range of 11-14 years the prevalence of overweight including obesity was 14 % for boys and 21 % for girls (using US cut-off definitions).
Europe
Northern European countries tend to have lower prevalence levels than southern European countries. Data collated by the IASO and published in 2004 [ 3 ] show that, in Sweden in 2000-2001, the prevalence of overweight and obesity combined was 18 % for children aged 10 years. In the Netherlands the figures are particularly low: a 1997 survey found that only 10 % of children in the age range of 5-17 years were overweight, including only 2 % obese. In France the figures are slightly higher, at 18 % overweight including 4 % obese in a northern French survey in 2000.
In England and Ireland, levels are higher again. In England, 23 % were overweight in a 2006 national survey of children in the age range of 5-11 years, including 7 % obese; among adolescents in the age range of 12-17 years, 26 % were overweight, including 6 % obese (IASO analyses). A survey in Ireland in 2000-01 of children in the age range of 4-16 years found 23 % of boys and 28 % of girls to be overweight or obese [ 28 ] .
Higher child obesity prevalence levels have been recorded in several southern European countries. A survey in 2001 found that 36 % of 9-year-olds in central Italy were overweight, including 12 % obese [ 3 ] . In Northern Greece in 2000, 26 % of boys and 19 % of girls in the age range of 6-17 years were overweight or obese [ 29 ] . Data collected in 2002 from Crete, birthplace of the Mediterranean diet, revealed 27 % of girls and 44 % of boys aged 15 years to be overweight or obese [ 3 ] . In Spain, 33 % of boys and 20 % of girls in the age range of 6-17 years were overweight or obese according to a survey conducted in 1998-2000 [ 30 ] . In Cyprus, a survey of 11-year-olds in 2003 found 31 % to be overweight or obese [ 31 ] .
The reasons for a north-south gradient in Europe are not clear. Genetic factors are unlikely to be the explanation, as all countries in western Europe have shown a marked increase in prevalence in recent decades. A child's household or family income may be a relevant variable, possibly mediated through income-related dietary factors, such as maternal nutrition during pregnancy, or breast-or bottle-feeding in infancy, as well as the quality of the diet during childhood.
In Eastern Europe, the prevalence of child obesity tends to be lower, but the region is seeing increases comparable with its neighbours. Surveys in the late 1990s found the combined prevalence of overweight and obesity among younger school-age children to be 17 % in the Czech Republic and Serbia (former Yugoslavia), 18 % in Poland and Bulgaria, and 26 % in Croatia [ 32 ] .
Americas
Surveys undertaken in the USA have provided comprehensive and comparable representative data since the 1960s. The most recent data analysed using IOTF definitions, obtained in a survey in 2003-04, show that 36 % of children in the age range of 6-17 were overweight, including 13 % obese [ 33 ] . These figure show an increase from a survey conducted in 2000-01, when children of the same age range exhibited prevalence levels of 29 % overweight including 10 % obese.
In Canada, 26 % of younger children and 29 % of older children were found to be overweight in a 2004 survey, almost exactly double the prevalence levels found in a similar survey conducted 25 years earlier [ 34 ] .
In Mexico, a survey of children in the age range of 10-17 years in 2000 found 26 % to be overweight including 7 % obese. Over 30 % were overweight in urban areas and in areas of Mexico nearest to the US border [ 35 ] .
In Brazil, the prevalence of overweight among children in the age range of 10-18 years was 13 % in 1997 [ 36 ] . In Chile the prevalence of overweight among children at age 6 was 26 % in 2000 [ 37 ] .
Data for schoolchildren in most other South and Central American countries are sparse, but some figures have been collected for pre-school children [ 3 ] . In Bolivia, the prevalence of overweight (defined as 1 SD above a WHO-defined reference mean) was 23 % in 1997, and in the Dominican Republic it was 15 % in 1996. In a few countries in the region, the prevalence of obesity (2 SDs above the mean) among pre-school children has fallen: in Columbia it fell from 5 % to 3 % between 1986 and 1995, and in Honduras from 7 % to 5 % between 1987 and 1996.
Secular trends in prevalence

Trends over three decades
As has been noted in the preceding section, the last two or three decades have seen unprecedented increases in the prevalence of child obesity in most countries and in most age groups of children ( Table 1. 3 ). Parts of Europe and North America have shown particularly high year-on-year increases in prevalence. In many less developed economies, a recent and rapid increase may be occurring, especially among urban populations: e.g. steep increases have been noted in Ho Chi Minh City, Vietnam (see also Table 1. 3 ), Morocco [ 38 ] , and Guatemala [ 39 ] . Data from Brazil and Chile show that the rate of increase of obesity among children in some developing countries is similar to or even greater than that in the USA or Europe. In Brazil, nationwide large-scale surveys were conducted in 1974-75 and 1997 (36) . The prevalence of overweight (including obesity) was shown to have tripled, increasing from 4 % to 13 % among older children (age range: 10-18 years) and to 17 % among younger children (age range: 6-9 years). In Chile, two large surveys conducted in 6-year-old children showed a remarkable increase in childhood overweight (including obesity) between 1987 and 2000, from 12 % to 26 % in boys and from 14 % to 27 % in girls [ 37 ] .
Trends by socioeconomic status
In more developed economies, child obesity prevalence has risen particularly strongly among lower income households and minority ethnic groups; in less developed economies, child obesity has risen most rapidly in urban areas and among better-off households. These patterns suggest that obesity prevalence rates are linked to the availability and affordability of mass-produced energy-dense foods such as soft drinks, snacks, confectionery, and fast food, perhaps combined with the availability and affordability of sedentary entertainments such as television, video gaming, and Internet services.
For lower income countries especially, the implication is that economic growth brings with it a range of risks to public health. There are few opportunities to demonstrate that economic growth is closely linked to the development of obesity in children, but there is evidence that the severe economic contraction experienced in several parts of Eastern Europe, especially Russia, in the early 1990s was associated with a decline in the prevalence of overweight and obesity in children [ 3 ] . Economic growth presumably affects different sections of a population differentially. If poverty in its historical food-insecure form, which leads to hunger and under-nutrition, is replaced by a form of poverty that is food-adequate but nutrition-insecure -i.e. the foods available (and perhaps widely promoted) are energy-dense but nutrient poor -then overconsumption of food energy may result. A parallel transition to an environment which induces lower levels of physical activity can also be proposed. The resulting changes in diet and physical behaviour may act upon a population that is all the more vulnerable through its previous history of under-nutrition, with a legacy of stunted growth, central adiposity, and sensitivity to related chronic diseases such as heart disease and diabetes. Furthermore, a child in a household experiencing chronic food or nutrition insecurity may be favoured at the expense of the mother's own food intake, and may be regarded by the mother as thriving and healthy only if the child shows a high level of weight gain.
Most recent trends
Since 2006, there have been a number of reports suggesting that the upward trend in the prevalence of overweight and obesity among children may be easing in some countries. In France, where the prevalence of overweight (including obesity) had climbed steadily in the 1990s to over 18 % of school-age children by 2000, a survey in 2007 found the prevalence had fallen below 16 % [ 40 ] . The difference was not significant but the trend was remarkable as being a possible indication that the problem had 'peaked' and that the trend might be reversed. Notably, the strong inverse relationship between family socioeconomic status and child overweight prevalence which was apparent in the 2000 survey continued in the 2007 survey.
Using a large number of local and informal surveys, an analysis conducted in Australia suggested that although the trend had not reversed in that country, the upward trend had eased with little further upward movement between 1995 and 2008 [ 41 ] . This information was misinterpreted by the popular press to suggest that child obesity was 'a myth'.
Data from the USA indicated that there was no significant increase between major national surveys [National Health and Nutrition Examination Survey (NHANES)] conducted in 2003-04 and in 2005-06, using locally defined criteria for overweight [ 42 ] . Among lower income, preschool children, a non-significant increase from 14.5 % to 14.6 % obesity prevalence was found between 2003 and 2008 [ 43 ] . In Switzerland, one report suggested that overweight prevalence had significantly decreased between 2002 and 2007 [ 44 ] . In Sweden, several local surveys have indicated a decline in overweight prevalence among girls and a stabilization of prevalence among boys between 1999 and 2004 [ 45 , 46 ] .
The reasons for this apparent easing of the epidemic are not clear, and factors relevant in one country may not be relevant in another. French policies to improve school food and limit the availability of snack-foods on school premises, plus national restrictions on advertising of food products and other local and national measures, have been cited to explain the French prevalence data. Local food and activity programmes in Sweden are cited as possible factors, against a background of strong controls on marketing to children. Dietary changes such as a reduction in the consumption of trans-fats have been suggested, and this might be expected to lead to a parallel decline in adult obesity rates. Other possible explanations include a change in maternal diets during pregnancy, a change in maternal smoking patterns in pregnancy, and a change in infant-feeding patterns (such as an increase in breastfeeding or improvements in formula-feed composition).
A further line of enquiry that should be considered is whether societal attitudes to obesity have affected data collection. It is possible that increasing media attention to the issue of obesity has increased awareness and increased the reluctance of overweight children (and their parents) to participate in the recent surveys, compared with those conducted in previous years. Careful attention to the response rates, and the possibility of bias among non-responders, is needed to assess this potential cause of changes in apparent prevalence levels.
There may also be changes in the base population over time that influence the results but are not strictly related to the underlying prevalence of obesity: for example, changes in the socioeconomic status, or the ethnicity mix. The effects of older cohorts with specific characteristics leaving a sampling frame as younger ones with different characteristics join it could also be significant. It is not enough, for example, to visit the same set of schools 5 years after a previous survey and compare the change in obesity prevalence over the period. Careful attention to the representative nature of the sample and the balance of its components compared with previous samples is required.
Repeated surveys should also ensure that they use consistent and reliable methodology. The criteria used to define the BMI cut-offs for overweight and for obesity need to be identical. The use of self-reported (or parent-reported) weights and heights is not recommended as these are unreliable guides to overweight and obesity prevalence, and are not comparable with prevalence levels calculated from surveys of measured weights and heights.
Conclusions
That the world has seen a remarkable increase in the prevalence of child overweight and obesity is beyond doubt. The health implications for children -in terms of subsequent risk of chronic disease and immediate risk of a range of disorders, including social and psychological problems -are urgent issues that need to be examined. National health services must be prepared to deal with these risks.
There is now some evidence that the extraordinary increase in child obesity of the past three decades may be easing in some countries, but there is very little evidence of rates actually declining. If the upward trends are easing, then the causes of this change need to be examined, and evidence for any protective influences which could form the basis of an obesity-prevention policy needs to be elicited.
Other chapters in this volume describe some of the many interventional policies which are being proposed to tackle child obesity. Policy-makers need to remember, however, that in order to show whether a policy is effective, it is essential to continue and improve the collection of data on child growth, health, and nutritional status.
